Obesity could be due to excess energy intake or decreased energy expenditure (EE). To evaluate this, we studied 18 obese females (148±8% of ideal body weight IIBW1, mean±SD) before and after achieving and stabilizing at IBW for at least 2 mo and a control group of 14 never obese females (< 110% of IBW or < 30% fat).
Introduction
Obesity is a chronic metabolic disorder affecting approximately 26% ofthe American population (1) and characterized by an increase in body fat and the propensity to numerous obesity related illnesses, including hypertension, type II diabetes, cardiovascular and pulmonary disease, gallbladder disease, some forms of cancer, and other disorders (1) (2) (3) . The exact etiology of obesity is unknown; however, obesity results from positive energy balance, i.e., energy intake exceeds energy expenditure. A person might become obese with a "normal" energy expenditure if intake is excessive or with "normal" energy intake if energy expenditure is subnormal.
A low energy expenditure could be due to metabolic or hormonal abnormalities that are inherited (4) (5) (6) (7) (8) . Indeed, obesity tends to run in families (4, 5) , and evidence for a significant genetic influence on obesity comes from studies of adop-April 1993. tees in Denmark (6) and twins reared in separate families in Sweden (7) . Metabolic rate may also have a significant genetic component (9, 10) , and a low resting metabolic rate (RMR)' or total energy expenditure (TEE) is associated with an increased risk of gaining weight in southwestern American Indians (11) . In addition, several studies suggest that reduced obese individuals have decreased energy expenditure, which might predispose them to gain weight or regain lost weight (12) (13) (14) (15) (16) (17) (18) (19) . Others have found energy expenditure to be normal in reduced obese individuals (20) (21) (22) (23) (24) . These studies are generally flawed by one or more methodological problems, including the methods used to measure metabolic rate, or the failure to measure metabolic rate, to evaluate patients at ideal body weight, to measure body composition and total energy expenditure under free living conditions, or to use prospective data. Our study was designed to overcome these methodological problems and to determine in a prospective fashion whether a genetically diverse group of formerly obese women reduced to ideal body weight has a reduced energy expenditure that might have predisposed them to become obese originally or regain the lost weight. The data indicate that these reduced obese women at ideal body weight have normal resting metabolic rate and total energy expenditure, and that those individuals who were unsuccessful in achieving ideal weight had normal or elevated energy expenditures. These data indicate that excessive energy intake rather than reduced energy expenditure is etiologic in obesity.
Methods
Subjects. The 33 obese and 14 nonobese subjects accepted into the study were healthy, nondiabetic, nonpregnant, nonsmoking, premenopausal women with normal menstrual cycles. Five obese subjects were black. Two of the black subjects were successful and three were unsuccessful at achieving ideal body weight. All subjects had normal glucose tolerance (25) and no known family history ofdiabetes. The lean control women (< 30% fat by 4"K or < 110% of ideal body weight, calculated by assuming that the ideal body mass index [BMI] is 21 ) and the obese women before weight loss were instructed to maintain their usual level of activity during the measurement of total energy expenditure. The obese women when studied after weight loss were instructed to maintain a level of activity equal to that ofthe first energy expenditure study. The obese subjects at entry were 135-185% of the ideal BMI of 21. This degree of obesity was chosen because it represents a modest degree ofobesity that is prevalent and because weight loss to ideal body weight is achievable, although none of the five women who were initially more than 161% of ideal weight achieved ideal weight.
The normal weight women were paid to participate in the study. Included in this study are 18 obese women who were successful at 1. Abbreviations used in this paper: ABEE, above basal energy expenditure; BMI, body mass index; EE, energy expenditure; IBW, ideal body weight; LBM, lean body mass; RMR, resting metabolic rate; TEE, total energy expenditure. production is equal to the difference between 2H20 turnover and H2"8O turnover, times total body water after correction for isotopic fractionation. The amount of 2H2'"O administered, the collection and analysis of samples, and the calculation of TEE are described in detail in a previous publication that included many of the obese, and control, never obese subjects (27) . A two-point urine collection method was used, which has been validated (28) . The 'OK counting (32) following the 2H2 '80 study and at various times during weight loss to determine if the subjects had achieved ideal body weight. We assumed that the K content of the fat-free body was 64.2 mmol/ kg (32) .
Data analysis. Data analysis was performed using BMDP Statistical Software (33) . Unpaired t tests were used to compare mean values between groups, and paired t tests were used to examine changes after weight loss. Stepwise multiple regression was used to generate the least squares linear multiple regression equation for predicting RMR and TEE. The data of all 47 subjects (only pre-weight loss data of obese subjects) were used to generate this equation.
Results
The anthropometric characteristics and energy expenditure of the 14 control and 18 obese subjects before and after reducing to ideal body weight are shown in Table I . Compared with the normal weight group, the obese group weighed 44% more, had a 14% increase in mean lean body mass (mean values determined from 'K and total body water), a 64% increase in adiposity, a mean increase in resting metabolic rate of 12%, and a mean increase in total energy expenditure of 20%. Thus, as we have previously shown (27) , these obese women had higher resting and total expenditures than lean women. After adjustment of total energy expenditure for weight and resting metabolic rate for lean body mass by analysis of covariance, there was no significant difference in energy expenditure between the normal weight and obese women. In obese and lean individuals the total energy expenditure is 1.81 and 1.68 X the resting metabolic rate, respectively.
The anthropometric characteristics and energy expenditure ofthe reduced obese subjects are also shown in Table I , and the weight loss curves for these subjects are shown in Fig. 1 . The time to reach and stabilize at ideal body weight was 32-48 wk ( Fig. 1 ). Reduced obese subjects had significantly lower weight, lean body mass (LBM), and percent fat than they had before weight reduction (Table I, P < 0.001 ). RMR was also significantly less than it was before weight loss (P < 0.001). However, the decrease in TEE (231 kcal/24 h) with weight loss was not statistically significant (P = 0.06). Compared with lean control women, the reduced obese subjects were significantly older, but there were no significant differences in body weight, LBM, percent fat, RMR, or TEE.
Figs. 2 and 3 illustrate the relationships between energy expenditure and LBM and weight in obese, reduced obese, and normal weight subjects. As with previous analyses (27) , in multiple linear regression the standard error of the estimate for (27) . h for TEE. The corresponding 95% confidence intervals for the difference between the observed and the predicted means for reduced obese subjects are -67 to +39 kcal/24 h for RMR and +3 to +413 kcal/24 h for TEE. We also calculated the above basal energy expenditure (ABEE = TEE -RMR), which is an index of energy used for physical activity and the thermic effect of food. As shown in Table I , ABEE was higher in obese subjects than lean control as we previously reported (27) . After weight loss the ABEE did not decrease significantly and remained 26% higher in the reduced obese group than in the lean group.
Since only 18 ofthe 33 obese women who entered the study achieved and maintained IBW, we compared the baseline characteristics of the successful and unsuccessful women to determine if those who were unsuccessful had a low RMR or TEE. As shown in Table III , the women who were unsuccessful were younger. All other characteristics including percent fat, LBM, RMR, and TEE were similar in the two groups.
Finally, we evaluated whether weight regain in the reduced obese women is related to the deviation from the predicted normal RMR or TEE. 10 of the reduced obese women were evaluated at least 1 yr after achieving IBW ( 18-34 mo). The mean weight gain was 14.5±6.1 (SD) kg, which represents 58±23% of the weight lost during the study. In these women RMR and TEE were not significantly different than predicted normal values. RMR and TEE were +3±61 kcal/d and +215±424 kcal/d, respectively, compared with predicted normal values. The amount of weight regained correlated highly with the number of months to followup (r = 0.82, P < 0.01).
Surprisingly there was a positive correlation between RMR (deviation from predicted normal value) at ideal body weight and weight regained in kg (r = 0.66, P < 0.05), but there was no relationship between TEE (deviation from predicted normal values) at IBW and weight regain (r = 0.28, P > 0.20). When adjusting for the time elapsed before subjects were reweighed, all relationships were nonsignificant.
Discussion
Because of the importance of obesity as a chronic metabolic disorder, its etiology has been extensively investigated. Most data suggest that there is an inherited component to obesity although the inherited trait is unknown (4) (5) (6) (7) (8) . Several studies have suggested that metabolic rate may be the inherited trait (9-10), and it has been estimated that after adjusting resting metabolic rate for fat free mass, age, and gender, 40% of the remaining variance is explained by genetic factors (9) . Another study estimated that 25% of the variance in fatness was due to genetic transmission (4) . Similar heritability estimates were made for the increase in energy expenditure associated with meals and low intensity exercise ( 10) . A heritable component of metabolic rate is further supported by the observation that overfed twins tend to gain similar amounts of weight (8) . These observations are not surprising since RMR is closely related to LBM (27) and identical twins have similar body composition (34) . Nevertheless, many individuals maintain a desirable weight even though their metabolic rates (RMR and TEE) are less than the metabolic rates of those who become obese (Figs. 2 and 3) (11, 35) . Studies in southwestern American Indians, however, tend to confirm the hypotheses that met- abolic rate is familial and those with lower resting metabolic rates tend to gain more weight than those with higher resting metabolic rates ( 11). In a study of free living energy expenditure of infants born to lean and obese mothers, none of the infants born to lean mothers became obese in the first year of life whereas 50% of the infants born to overweight mothers became obese (35) . The mean total energy expenditure of the infants who later became obese was 20% lower than that ofthe other groups. Only six overweight infants were studied and only three of them remained overweight at one year of age. In another study of children 4-5 yr old, it was found that the average resting metabolic rate and estimated total energy expenditure of those with an obese parent was 16% and 22% lower, respectively, than that of children whose parents had never been obese (36) . Other studies have evaluated the possible role oflow energy expenditure in the development ofobesity by studying reduced obese subjects, assuming that their metabolic rate reverts to its preobese condition when weight is normalized. Obese individuals have higher energy expenditures than lean individuals (27) , and energy expenditure declines during weight loss in obese patients (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) . There is extremely little information however, regarding the energy expenditure of obese subjects who were reduced to and stabilized at a normal body weight. One group evaluated reduced obese subjects and normal weight controls using a respiration chamber at three levels of activity ( 16, 18) . At all levels of activity, the reduced obese women had metabolic rates about 15% lower than the normal weight women ( 16, 18) . Another study did not confirm these results ( 19) . Other investigators have evaluated reduced obese subjects who were still overweight after weight loss ( 12-15,  17) . These studies suffer from problems such as the failure to measure body composition, the failure to accurately measure energy expenditure, and the use of cross-sectional data rather than longitudinal data. Other studies have suggested that following weight loss there is a reduced energy expenditure due to decreased dietary or activity related thermogenesis (12, 37) . The decreased energy expenditure ofphysical activity could be due to a decrease in body weight alone (27) . In contrast to these studies, several studies have shown normal total energy expenditure and resting metabolic rate in reduced obese individuals (20) (21) (22) (23) (24) . Most recently Astrup et al. (38) used a metabolic chamber to study the TEE of eight women before and after weight normalization and found a higher energy expenditure in the postobese group.
Since it is difficult to study weight gain in a prospective fashion, we elected to study obese individuals belonging to a genetically heterogeneous population before and after weight loss and stabilization at ideal body weight. If reduced obese individuals have a lower metabolic rate than never obese control subjects, this could explain why they were obese and why they may have a greater propensity to regain weight. Previous data from our laboratory indicated that resting metabolic rate is closely correlated with lean body mass and total energy expenditure with body weight (27) . Our current data confirms these findings and indicates that metabolic rate decreases with weight reduction in conjunction with decreases in lean body mass and that total energy expenditure decreases in conjunction with decreases in total weight (Table I, Figs. 2 and 3) . Although the decrease in total energy expenditure associated with weight loss was not significant in this group (P = 0.06), the change in TEE per kg weight change (10.5 kcal/d per kg) included the value obtained by the cross-sectional data (19.6 kcal/d per kg). The reduced obese women stabilized at ideal body weight and the never obese control group had similar lean body mass, percent fat and RMR (Table I ). The reduced obese women actually had a greater mean above basal energy expenditure than the control group, and their TEE tended to be greater than predicted. This suggests that activity was greater in reduced obese subjects. The clearly normal RMR, however, suggests that an inherent metabolic abnormality leading to a low metabolic rate is unlikely. The conclusion drawn from these data is that obese subjects reduced and stabilized at ideal body weight have normal energy expenditure and thus would not be expected to become obese if they had a normal energy intake. This conclusion was confirmed by analysis of covariance. Neither the RMR or TEE of the reduced obese individuals when adjusted for LBM, fat, and age, were significantly different in the control (RMR = 1371±28, TEE = 2333±100 kcal/24 h) and reduced obese (1295±24, TEE = 2416±86 kcal/24 h) subjects.
The advantage ofour study over those previously published lies in the fact that it is prospective, that both resting energy expenditure and total energy expenditure in a free living environment were measured, body composition was assessed by two independent measures, and that subjects were reduced to ideal body weight and stabilized for at least 2 mo before reassessing energy expenditure and body composition. Thus, any effects of weight loss itself on these parameters would be minimized.
In studies evaluating metabolic rate in reduced obese subjects it is imperative that body composition be assessed and be comparable to the control group which has never been obese. Despite using very low energy diets to initiate weight loss, our weight loss protocol did not lead to excessive losses oflean body mass. In fact, the reduced obese group had a similar percentage of fat as the never obese group, yet lean body mass was slightly but not significantly greater (Table I) . Thus, ideal body weight with normal body composition is achievable with such a weight loss protocol.
A possible confounding factor in our data is the fact that the reduced obese group was significantly older than the never obese group. At entry into the study, the obese group and the never obese group were similar in age. However, because those who withdrew from the study were younger than those who completed the study (Table III) , the average age ofthe reduced obese group was greater than the obese group that entered the study and the never obese group. This age difference between the reduced obese and never obese groups, while significant, would not be expected to affect our conclusions since by multiple linear regression age has no effect on TEE over the range of ages of the subjects in our study (data not shown). RMR declined slightly with age after adjusting for body composition, but this would tend to reduce rather than increase the RMR of the reduced obese group relative to the control group.
Since approximately 50% of the obese women in our study withdrew, we analyzed the data to determine if the subjects who could not achieve ideal body weight might have a lower initial metabolic rate than those who were successful in achieving ideal body weight, perhaps explaining their failure. The data in Table III indicates that this is not the case. This supports the conclusion that those who have difficulty losing weight do not have a lower RMR or TEE, as well as the conclusion that the successful reduced obese group is not a subgroup with a higher metabolic rate.
The lack ofcorrelation between energy expenditure and the amount of weight regained in 10 women who were reweighed 18-34 mo after completion ofthe study adds further support to the conclusion that low energy expenditure is not a common cause of obesity. While we cannot discount the possibility that a significant correlation between energy expenditure and weight regain would be found with a much larger group of subjects or with longer followup, the data are consistent with our failure to observe reduced energy expenditure in the reduced obese group and the lack of differences in energy expenditure between successful and unsuccessful subjects. Furthermore, we can state definitively that the reduced obese group is not an unusual group of obese women who succeeded in maintaining their weight near the ideal level. There was no evidence for a deficit in energy expenditure in this subgroup. The mean RMR of this group was nearly identical to the predicted value, and their mean TEE was 215 kcal/d above the predicted value. Thus a normal or high expenditure does not protect reduced obese subjects from regaining weight.
None of our reduced obese subjects had an abnormally low energy expenditure, as defined by a TEE lower than 2 SD below the predicted value. According to binomial probabilities, we can be 95% certain, with n = 18, that < 16% of all reduced obese women would have a TEE lower than 2 SD below the predicted normal value. Another way to evaluate the data is to ask what deficit in total energy expenditure could realistically lead to an average weight gain of 25 kg, i.e., the average excess weight of the obese subjects who reduced to ideal body weight. Since total energy expenditure rose by -20 kcal for each kg of weight when data of all subjects (excluding post-weight loss data) were analyzed, the initial caloric deficit would have to be an average of 500 kcal/ 24 h. In other words, the reduced obese group would need to have an initial average total energy expenditure of only -1800 kcal/24 h in order to gain 25 kg if they ate the same amount of food as the control group. The mean energy expenditure of the reduced obese group was over 2400 kcal/24 h. Thus, the data suggest that the original weight gain above ideal body weight in the obese subjects was not caused by low energy expenditure. A third way to evaluate the data is to ask how much weight gain would be expected in the reduced obese subjects if they all had a caloric deficit at the 95% confidence limits for the difference between the reduced obese and never obese subjects (-51 kcal/24 h). This caloric deficit could lead to a weight gain of only -3 kg since at that point the energy deficit would be overcome by the increased energy expenditure associated with being overweight. Thus, assuming no change in physical activity and assuming that the increase in energy expenditure with weight gain in reduced obese subjects follows the cross-sectional data, one could explain only a small percentage oftheir overweight as being due to decreased energy expenditure.
In conclusion, none ofthe obese subjects reduced and stabilized at ideal body weight demonstrated abnormally low energy expenditure, and weight regain is not inversely correlated to energy expenditure. Subjects who fail to lose weight do not have a low initial energy expenditure. These studies support the conclusion that in a genetically heterogeneous population, the propensity to become obese or maintain the obese state is not related to a low energy expenditure.
